Here we used a within-subject design to evaluate hypothalamic-pituitary-adrenal (HPA) activity following replacement of low and high physiological levels of testosterone (T) to adult, gonadallysuppressed, male rhesus macaques, and replacement with sex-specific low and high physiological doses of dihydrotestosterone (DHT) in the same adult males as well as in adult, gonadallysuppressed, female rhesus macaques. As indexes of HPA axis activation following T and DHT replacement, serum levels of cortisol (CORT) were measured before and following dexamethasone (DEX) inhibition, and corticotrophin-releasing factor (CRF) induced activation. Female monkeys were assessed for differences in response associated with dominant (DOM) and subordinate (SUB) social status. Data show that the high physiological dose of DHT significantly decreased basal CORT in both male and female monkeys irrespective of social status, but reduced CRF-stimulated CORT only in males. SUB female monkeys showed a trend towards increased CRF-stimulated CORT release under high-dose DHT replacement compared to DOM females or males given the same treatment, indicating that androgens likely have no influence on reducing HPA activation under chronic psychosocial stress in females. The normal circadian rhythm of CORT release was absent in placebo-replaced SUB and DOM females and was restored with lowdose DHT replacement. These results indicate that DHT significantly reduces CRF-stimulated CORT release only in male monkeys, and plays a role in maintaining circadian changes in CORT release in female monkeys.
INTRODUCTION
It has been established that gonadal hormones exert substantial modulatory effects on the activity of the hypothalamic-pituitary-adrenal (HPA) axis. Females show enhanced stress responsiveness in several species and this has been attributed to the activational effects of estrogens in females and the inhibitory effect of testosterone (T) in males (Broadbear et al., 2005a; Broadbear et al., 2005b; Handa et al., 1994; Handa et al., 2009; Iwasaki-Sekino et al., 2009; McCormick et al., 2002; Ogilvie and Rivier, 1997; Patchev and Almeida, 1996; Sanchez et al.; Wilson et al., 2005) . To date, almost all studies examining the effect of androgens on the HPA axis have been done in rats. For example, male rats show reduced glucocorticoid and adrenocorticotrophin responses to stress compared to their female conspecifics (Viau, 2002) , and the magnitude of this decrease has been related to individual testosterone levels within males (Viau and Meaney, 1996) . Moreover, castration increases both corticosterone (the major glucocorticoid in rodents) and adrenocorticotrophin in rats and this is normalized by replacement with testosterone or the non-aromatizable metabolite of testosterone: dihydrotestosterone (DHT), which is a more potent ligand to the androgen receptor than T (Seale et al., 2004) . This was taken to indicate that the inhibition of HPA reactivity in males is predominately due to the effect of androgen receptor activation rather than to the action of the estrogenic metabolites of T.
The mechanisms whereby androgens curb HPA activation in rats are related to the inhibition of arginine vasopressin-releasing neurons in the parvocellular portion of the hypothalamic paraventricular nucleus. Arginine vasopressin released by these neurons into the median eminence portal circulation potentiates the effect of CRF at the pituitary corticotropes, stimulating the release of adrenocorticotrophin. In the rat, T appears to act on upstream limbic circuits to constrain arginine vasopressin synthesis within the parvocellular paraventricular nucleus (Viau and Meaney, 1996; Viau et al., 2001; Williamson et al., 2005; Williamson and Viau, 2008) .
We have previously evaluated the effect of estrogen and progesterone on HPA activity in female macaques (Wilson et al, 2005) . That study showed enhanced CORT secretion with estrogen replacement following feedback inhibition and subsequent to CRF-induced HPA activation. In addition, that same study reported decreased feedback inhibition of CORT under estrogen replacement that was more pronounced in socially subordinate female monkeys compared to dominant female monkeys (Wilson et al, 2005) , supporting previous observations that the psychosocial stressor of subordination produces a dysregulation of the HPA axis in rhesus females (Brooke et al., 1994; Riddick et al., 2009; Shively, 1998) .
The purpose of this present study is to begin to evaluate the effect of androgens on indices of HPA activation in a primate model. To that end we used a within-subject design to compare the effect of low-and high-physiological levels of T and DHT in male rhesus monkeys, and sex-specific low-and high-physiological doses of DHT in female rhesus monkeys. All animals were socially housed, with females distributed throughout the dominance hierarch in one group and males the alpha member of one of several small social groups. Basal levels of CORT, as well as feedback inhibition, and subsequent CRF-induced activation of the CORT release were assessed under the different androgen replacement regimes. The use of DHT instead of T was implemented in female monkeys because we had already assessed the effect of estrogen in female macaques and wished to examine a more androgenic effect. DHT was used in males in order to parse out any estrogen receptor alpha effects of aromatized testosterone in male monkeys. It is important to note that DHT has been recently shown to activate estrogen receptor β through one of its neuroactive metabolites (5αandrostane-3β-diol) (Handa et al., 2008) and thus we cannot eliminate all estrogenic effects on the HPA axis by the use of DHT.
Female monkeys are included in this study for a two-fold purpose. First, even though the ovaries in virtually all mammal species, including women, produce a significant quantity of androgens (Nelson, 2005) , as do the adrenals in both sexes (Longcope, 1986) , and the female brain expresses substantial levels of androgen receptors (Balthazart et al., 1996; Fink et al., 1999; Gahr, 2001; Handa et al., 1986; Handa et al., 1988) , the study of sex differences in HPA function has largely focused on the effect of estrogens in females and androgens in males (although see: (McCormick et al., 2002) . Thus, it is important to assess the effect of androgens separately from that of estrogens on HPA activity in female animals in order to test the hypotheses that sex differences in HPA activation could, in part, be explained by differences in androgen-mediated effects. Second, because socially housed rhesus female monkeys form hierarchies in which SUB females are subjected to prolonged psychosocial stress (for reviews see (Shively and Kaplan, 1984) : (Bernstein, 1970; Bernstein et al., 1974; Bernstein, 1976; Bernstein, 1980) , it affords us the opportunity to examine the effect of DHT on HPA parameters in female monkeys exposed to chronic stress.
We hypothesized that, as is the case with rodents, T and DHT will reduce the CORT release following CRF stimulation in male monkeys compared to female monkeys. Further, we predicted that chronic psychogenic stress due to subordinate social status would produce impaired feedback inhibition and exaggerated CRF-induced CORT irrespective of DHT treatment in subordinate female compared to dominant female and male monkeys.
We found that the high physiological dose of DHT alone reduced basal CORT in male as well as female monkeys irrespective of social status. However, CRF-stimulated CORT was reduced in male but not female monkeys at the high-dose of DHT, suggesting a marked inhibitory effect of androgen receptor activation on HPA reactivity in males alone. In addition, we found a flattening of normal circadian CORT release in gonadally-suppressed female, but not male, monkeys that was restored with low physiological levels of DHT. Additionally we found that intact feedback inhibition to CORT was apparent in females of regardless of social status under both DHT treatment regimes. Several mechanisms are discussed as possible mediators of these findings.
RESULTS

Serum Levels of T and DHT
Hormone assays done on samples taken from males and females between experiment day 10 and 14 are shown in Table 1 . Results indicate that lupron treatment was effective in suppressing gonadal androgen release, and that the high-dose of T produced significantly higher plasma T levels than the low-dose T in male monkeys, and that high-dose DHT produced significantly higher plasma levels than the low-dose DHT in both male and female monkeys. Figure 1 show the effect of androgen treatment on basal levels of CORT in male and DOM and SUB female monkeys. Direct comparison of each treatment between males and DOM and SUB females found no significant group differences.
Basal CORT
Results depicted in
A separate analysis examining the effect of DHT doses compared individually to placebo on basal CORT in SUB female monkeys found that there was a significant treatment by time effect on diurnal cortisol comparing the low-dose DHT with placebo (F (1, 2)=101.632, p=0.010) indicating a reversal in levels from 9 a.m. to 9 p.m. and therefore a restoration of normal CORT circadian rhythm with low DHT treatment(see: (Plant, 1981; Quabbe et al., 1982) . High DHT in subordinates significantly lowered basal CORT (F (1, 2)=30.541, p=0.031).
A separate analysis examining the effect of DHT doses compared individually to placebo on basal CORT in DOM female monkeys found that there was also a significant treatment by time effect on diurnal cortisol comparing the low-dose DHT with placebo (F (1, 3)=250.845, p=0.001) indicating a reversal in levels from 9 a.m. to 9 p.m. and a restoration of normal CORT circadian rhythm (see: (Plant, 1981; Quabbe et al., 1982) with low DHT treatment. High-dose DHT also restored circadian rhythm (F (1, 3)=95.531, p=0.002) and significantly lowered basal CORT (F (1, 3)=115.927, p=0.002).
A separate analysis examining the effect of T and DHT doses compared individually to placebo on basal CORT within male monkeys found that CORT was significantly lower with high-dose DHT replacement (F(1,6)=6.561 p=0.043), compared with the placebo condition, indicating high-dose DHT reduces basal CORT in males monkeys. Figure 2 show the effect of each androgen treatment on feedback inhibition of CORT. Values are shown at 0 hr, immediately before DEX injection, and at 10,15 and 19 hrs after DEX injection, in male and DOM and SUB female monkeys. Holding basal CORT values as a covariate showed there was no significant within-subject effect of time but there was a significant between group difference in pre-DEX basal CORT values (F(1,38)=9.592, p=0.004). Looking at the effect of each androgen treatment between males and DOM and SUB females; there were no significant group difference under placebo treatment, and no group differences in pre-DEX basal values, there was a trend towards a group difference under low-dose DHT treatment (F(2,10)=3.524, p=0.069), as well as a trend towards differences in pre-DEX basal values (F(1,10)=3.570, p=0.088), there were no significant group difference under high-dose DHT treatment, and no differences in pre-DEX basal values. Figure 3 show the effect of androgen treatment on CRF-induced stimulation of CORT in male and DOM and SUB female monkeys. Direct comparison of each treatment between males and DOM and SUB females showed a significant withinsubject effect of time for all treatments: placebo:(F(2,22)=42.564, p<0.001), low-dose DHT: (F(2,22)=31.284, p<0.001)High-dose DHT:(F(2,22)=31.284, p<0.001) and found a statistical trend towards a difference at the high-dose of DHT (F (2,11) =2.840, P=0.10) with SUB females displaying the largest CORT response to CRF.
Feedback inhibition of CORT
Results depicted in
CRF stimulation of CORT
Results depicted in
A separate analysis within SUB and a separate analysis within DOM females was done examining the effect of DHT doses compared individually to placebo on CRF-stimulation of CORT found no effect on either low or high-dose DHT on CFR stimulated CORT release in either SUB or DOM females.
A separate analysis examining the effect of T and DHT doses compared individually to placebo on CRF-stimulation of CORT in male monkeys found a significant decrease in CRF-stimulated CORT under high-dose DHT treatment (F(1,6)=11.898, p=0.014), and a strong statistical trend towards decreased CORT with both low and high-dose T (F(1,6) =4.575, p=0.076; F(1,6) =4.651, p=0.074, respectively), suggesting that androgens limit the release of CORT after CRF stimulation in male rhesus monkeys.
DISCUSSION
Results show that DHT constrains the release of CORT under basal conditions in both male and female rhesus monkeys, and reduces CRF-stimulated CORT in male alone. Moreover, data show that the circadian rhythm of basal CORT release (Plant, 1981; Quabbe et al., 1982) is flattened in placebo-replaced DOM and SUB female monkeys and is restored with a low physiological dose of DHT in both.
The high physiological dose of DHT significantly reduced basal CORT as well as the CORT response following CRF injection in male monkeys, This is consistent with the literature in rats showing that androgens, including DHT, constrain corticosterone release following stress or pharmacological stimulation (Viau, 2002) . It should be noted that both doses of T produced a statistical trend toward a reduced CRF-induced CORT response in male monkeys. It may be that the sample size was simply inadequate here and that T alone would have an inhibitory effect on CORT if a few more male monkeys had been included in this study.
It has been shown that the DHT metabolite 5α-androstane-3β-diol can act on ERβ in rodents, (Handa et al., 2008) , and that activation of ERβ is anxiolytic and reduces corticosterone release after exposure of female rats to the elevated plus maze (Weiser et al.) . Although we did not observe a significant reduction of CORT release compared to placebo following CRF injection in female monkeys, high-dose DHT replacement did lower basal levels of CORT compared to the placebo-replaced condition in both DOM and SUB females. ERβ is present in temporal, midbrain and hypothalamic regions of the female macaque brain (Gundlah et al., 2000) . To our knowledge ERβ distribution has not been characterized in the male brain of any macaque species, although it is present in the male brain in human beings (Gonzalez et al., 2007; Ishunina et al., 2000; Ishunina et al., 2003) , rodents (Frye et al., 2008; Sakuma et al., 2009) , and other species (Hileman et al., 1999) . Thus, the most parsimonious interpretation of the present data is that activation of ERβ by 5α-androstane-3β-diol may play a role in reducing basal CORT in both male and female monkeys, but conclusive proof would require more specific experimentation using 5αandrostane-3β-diol treatment itself.
Results suggest that social status may be a factor in the effect of androgens on CRFstimulated CORT release in female monkeys. SUB females show a trend towards an exaggerated CORT response compared to both DOM females and males following CRF injection under high-dose DHT replacement. Because all of the males used in this study were the most dominant members of each of their groups, we could not assess the effects of status in males.
Although the CRF-stimulated CORT response of DOM females under high-dose DHT replacement appeared restrained compared to SUB females on the same dose DHT, it was not significantly lower than when these same DOM females were on placebo replacement. Thus, there may be no effect of DHT on CRF-stimulated CORT in DOM females.
With respect to the trend towards hyper-responsivity to CRF under high-dose DHT replacement in SUB females, it has been shown in rats that the corticosterone response to acute stress can be facilitated by experiencing a previous stressor (Akana et al., 1992) , suggesting that there are mechanisms which can offset or bypass central inhibitory control under prolonged or chronic stress (see (Jankord and Herman, 2008) for possible central sites for these mechanisms). In addition, it has been demonstrated in rat models that uncontrollable or unpredictable stress is particularly pernicious and results in a dysregulation of the HPA axis and a number of behavioral and physiological phenotypes that resemble those seen in several human psychopathologies (Kim et al., 2003; Maier and Watkins, 2005; McKinney, 1984; Miller and McEwen, 2006; Roman et al., 2004; Sandi et al., 2008) . Social subordination in female rhesus monkeys is both chronic and unpredictable in that while SUB females attempt to offset aggression and harassment from DOM females by displaying submissive behaviors, there is no guarantee that these attempts will be successful (Chamove and Bowman, 1976; Cheney and Seyfarth, 1990; Estrada, 1977; Riddick et al., 2009 ). Hence, this social structure might produce a situation in which similar types of HPA dysregulation as those observed in human psychopathology may occur.
An unexpected result of this study were data showing that the normal circadian rhythm of basal CORT release was not present in both DOM and SUB female monkeys in the absence of DHT. Although, It has been shown that androgens are important at puberty for calibrating the regulation of circadian cycles related to changes in activity level in male rodents, and in adolescent boys Hagenauer et al., 2009) , and that the diurnal rhythm of CORT is absent following long-term castration in male macaques (Smith and Norman, 1987b) , this is the first study in which the presence of androgens appears to be important in regulating circadian CORT release in female monkeys. Unlike the study mentioned above showing that castration disrupts circadian CORT release in male macaques (Smith and Norman, 1987b) , we found an intact diurnal release of CORT in out gonadally-suppressed male monkeys. This difference may be due to the comparatively short length of time that our males were without androgens, and suggests that long-term absence of gonadal hormones may have to occur before a disruption of circadian CORT release develops in male, as opposed to female, monkeys. A study looking at the effect of ovariectomy on circadian CORT in female macaques showed that although absolute levels of CORT were lower in OVX females, there was no disruption in the circadian CORT rhythm (Smith and Norman, 1987a) . However, this study was confounded by a rise in mid-day CORT which may have been caused by the feeding or room-cleaning that took place at noon throughout the experiment. This rise in CORT may have activated negative-feedback mechanisms that would have produced a decline in evening levels of CORT which may have obscured accurate detection of basal CORT changes. Results from our study suggest that androgens are particularly important in CORT circadian release in female macaques, in that the shortterm absence of androgens disrupts diurnal CORT pattern and short-term DHT replacement restores the normal diurnal rhythm. It is also important to note that changes in circadian rhythms are often observed in depressive illnesses (Bao et al., 2008; Rubin et al., 1987; Swaab et al., 2005) , which disproportionately affect women (Solomon and Herman, 2009; Steiner et al., 2003) . Thus, the regulation of circadian CORT by androgens in female Rhesus macaques may have important clinical relevance.
It has previously been shown using cynomolgus monkeys that SUB female monkeys are less sensitive to glucocorticoid feedback inhibition than DOM females (Shively et al., 1997) , and we have previously shown, using the same group of female monkeys as in the present study, that estrogen mediates a reduction of negative feedback, which is exaggerated in SUB females (Wilson et al., 2005) . In female rats estrogen has also been shown to inhibit glucocorticoid negative-feedback through an estrogen receptor alpha (ERα) mediated mechanism ). Our results do not indicate a reduction in feedback inhibition under any androgen treatment regime that is associated with gender or social status. Although data here suggest that placebo-replaced SUB females do not show disrupted feedback inhibition of CORT following DEX, this was confounded by the flattening of circadian CORT levels in the placebo-replaced SUB females. This flattening of CORT rhythm may have produced an endogenous drop from the previous night even in the absence of DEX treatment. Thus, it is difficult to disentangle the direct effect of feedback inhibition from the effects of the disruption of circadian CORT secretion. The same is true for determining feedback inhibition in DOM females in the placebo-replaced state.
In summary, results indicate that DHT, but not testosterone, significantly reduces basal CORT in male rhesus monkeys. DHT also significantly reduces basal CORT in female rhesus monkeys regardless of social status. CRF-stimulated CORT release is reduced only in male monkeys. In addition, DHT plays a role in maintaining circadian changes in CORT release in female monkeys. This study opens the door towards further investigation of the mechanisms underlying the effects of androgens on the HPA axis of rhesus monkeys, especially sex differences in androgen control of HPA axis that may inform the study of human psychiatric illnesses. In addition, this study suggests that androgens are particularly important in daily basal CORT secretion in female monkeys, which may be important in psychopathologies, like clinical depression, which show a dysregulation of circadian rhythms, and are more prevalent in women than in men.
Experimental Procedures
Subjects
Seven adult, gonadally intact, male and seven gonadally-intact female rhesus monkeys (Macaca mulatta), housed outside in a social group at the Yerkes National Primate Research Center Field Station were used for these studies. The seven males were housed in one of seven small groups containing adult females and their offspring. The subject males were the alpha animals in each of their groups. The seven female subjects were members of one large breeding group (n = 140 animals) that contained 2 adult males, 30 additional adult females, and their juvenile and infant offspring. The seven female subjects (see below) were chosen to span the dominance hierarchy in their group. Body weight did not significantly differ between dominant (mean body weight 7.59+/− 0.58 kg) and subordinate (mean body weight 7.4 +/− 0.82 kg) during the course of these experiments Data on the effects of estradiol and progesterone on HPA activity in these females has been reported previously (Wilson et al 2005) .
Social ranks were determined from the outcome of dyadic interactions between the subject females themselves and other group members (Kaplan and Manuck, 1999) . Behavior was recorded in two 1-h sessions each week randomly distributed between the morning and afternoon throughout the study (including both treatment and washout periods). Using a standard rhesus monkey ethogram (Jarrell et al., 2008) , an animal was categorized as subordinate (SUB) if she emitted unequivocal submission gestures to another animal, including avoidance to an approach, flee from a chase, grimace from an approach or stare, and squeal from a threat. Females were selected as subjects to represent a range of dominance ranks. Excluding infants, subjects were ranked 3, 18, 23, 54, 74, 76, and 100 out of 115 possible animals following previously established protocols (Kaplan and Manuck, 1999) . Those subjects whose rank was in the upper half of the dominance hierarchy (n = 4) were considered dominant (DOM) and those in the bottom half (n = 3) SUB. Thus, the subject pool contained both male and female dominant animals but only female subordinate animals. Because all of the males used in this study were the most dominant members of each of their groups, we could not assess the effects of status in males.
Animals were fed commercial monkey chow (Lab Diet, number 5038, Purina Mills International) twice daily and, but food was available ad libitum, and all animals received a daily supplement of fresh fruit and vegetables. Animals were trained for conscious venipuncture as described previously (Walker et al., 1982) . Animals readily habituate and show minimal arousal to blood drawing procedures (Blank et al., 1983) . It has been well demonstrated that no adverse consequences on reproductive parameters or neuroendocrine responsivity result from these test procedures (Wilson et al., 2003) . The protocol was approved by the Emory University Institutional Animal Care and Use Committee in accordance with the Animal Welfare Act and the US Department of Health and Human Services "Guide for Care and Use of Laboratory Animals."
Gonadal hormone suppression and androgen replacement
In order to assess the effects of DHT on HPA responsivity, the pituitary-gonadal axis was suppressed by treating all animals every 28 days with the long-acting GnRH agonist, Lupron Depot (Tap Pharmaceuticals, Deerfield IL) at a dose (injected sc 200 μg/kg/28 d) that completely arrests ovarian function in women (Berman et al., 1997) , precocious puberty in girls (Periti et al., 2002) and spontaneous puberty in female monkeys (Wilson et al 2006) . Treatment efficacy was verified by hormonal analyses for T, and DHT. Lupron Depot treatments were begun 6 wk prior to the initiation of the hormone replacement to ensure the pituitary-gonadal axis was completely suppressed. The HPA axis was assessed in male and female monkeys under placebo (sham-implantation:no steroid treatment), testosterone for males only (low-dose: 180 μg/kg/day high-dose: 360 μg/kg/day) and sex-specific doses of DHT: Low-dose DHT (15 μg/kg/day for females, 180 μg/kg/day for males) and high-dose DHT (30 μg/kg/day for females, 360 μg/kg/day for males). Androgen replacement doses were used to produce T levels in the low and high physiological range (Schlatt et al., 2008) . DHT was applied at the same dose to produce similar receptor activation. The doses of DHT for females were adjusted to produce low and high plasma DHT levels under those shown to elicit male-like behavioral changes in female macaques (Graves and Wallen, 2006) . Steroid hormone replacement was accomplished by subcutaneous placement of 21-d, sustainedrelease pellets (Innovative Research of America, Sarasota FL). Levels of testosterone and DHT were assessed on day 10 of the treatment period. Each 21-d steroid treatment was separated by a 21-d washout period. The order of androgen treatment was randomly determined.
The dexamethasone (DEX)-CRF challenge test
A combined dexamethasone (DEX) suppression test-CRF stimulation test was performed day 10 and 11 of each treatment period in order to test HPA responsivity. Following the serum sample collected at 2100 h, monkeys received dexamethasone (DEX) at a dose of 0.50 mg/kg, im and serum samples were obtained at 10, 15, and 19 h thereafter. Immediately following the +19 h sample, monkeys received CRF at a dose of 1.0 μg/kg, iv and samples were collected at +30, +60, and +120 min thereafter. DEX at this dose has been used previously to assess glucocorticoid negative feedback in monkeys (Shively et al., 1997) . The dose of CRF stimulates ACTH release in people (Thomas et al., 1991) . All samples were assayed for CORT.
Hormone assays
Assays were performed in the Biomarkers Core Laboratory at the Yerkes National Primate Research Center. These assays have been used extensively to assay hormens in rhesus monkeys. Serum T and DHT were determined using a modification (Pazol et al., 2004 )of a commercially available radioimmunoassay [Diagnostic Products Corporation (DPC), Los Angeles CA]. Prior to assay, samples (250 μl) were extracted twice with 5 mL of anesthesia grade ether. Following evaporation of the solvent, samples were reconstituted with 250 μl of zero calibrator and 100 μL aliquots were assayed in duplicate. The assay has a sensitivity of 5 pg/mL using 100 μL of extracted serum, with an intra-and interassay coefficient of variation (CV) of 5.8% and 11.7%, respectively. Sample values of DHT were corrected for extraction efficiency, which exceeded 95%. Serum cortisol was determined by radioimmunoassay of 25 μL duplicates using commercially available reagents (Diagnostic Systems Laboratory). The assay has a sensitivity of 0.02 μg/dL and an intra-and interassay CV of 3.1% and 7.6%, respectively. Serum ACTH was determined by radioimmunoassay of 100 μL duplicates using commercially available reagents (DiaSorin, Stillwater, MN) . The assay has a sensitivity of 4.5 pg/mL and an intra-and interassay CV of 7.1% and 12.4%, respectively.
Statistical Analysis
CORT data were analyzed with analysis of variance models for repeated measures with group (males, dominant females and subordinate females) as the between subject factors and androgen treatment and time as within-subject factors. We did separate analysis to compare effects on basal, feedback inhibition and CRF-induced CORT. In addition, within-subject drug (DEX or CRF) and time effects were analyzed separately for males, DOM and SUB females for basal and CRF-stimulated CORT secretion.
The effect of androgen treatment between and within experimental groups was assessed by examining each time period as described below: Basal CORT was evaluated by comparing combined hormone values collected at 9 a.m. and 9 p.m. on treatment day 10 (TD 10) before any pharmacological manipulation of the HPA axis was initiated. The effect of treatment condition between and within experimental groups on glucocorticoid negative feedback was evaluated by comparing the hormone values between males, DOM and SUB females from samples collected at minus 0, 10, 15 and 19 h following DEX on TD 10 and 11 holding pre-DEX basal values for each group (0 hr) as a covariate. The effect of treatment condition on the response to CRF was evaluated both between and within experimental groups by comparing hormone values from samples collected at 30, 60 and 120 min following CRF injection (given immediately after the 4 p.m. sample on treatment TD 11).
Statistical tests were performed with SPSS (v18) and results with p < 0.05 were considered significant. Post-hoc analysis was done where appropriate using LSD analysis. Basal levels of CORT in gonadally-suppressed male and dominant (DOM) and subordinate (SUB) female rhesus monkeys replaced with vehicle (placebo), dihydro-testosterone (DHT), and testosterone (T) (in males only).* indicates a significant overall difference compared to the placebo replacement condition within each group, # indicates a significant change in circadian CORT release compared to the placebo replacement condition in females.
Figure 2.
Feedback inhibition of CORT at 0, 10, 15 and 19 hours after DEX injection, in gonadallysuppressed male and dominant (DOM) and subordinate (SUB) female rhesus monkeys with vehicle (placebo), dihydro-testosterone (DHT), and testosterone (T) (in males only), replacement. 0 hrs is immediately prior to DEX injection.* indicates a significant difference in pre-DEX basal values CRF stimulation of CORT in gonadally-suppressed male and dominant (DOM) and subordinate (SUB) female rhesus monkeys replaced with vehicle (placebo), dihydrotestosterone (DHT), and testosterone (T) (in males only).* indicates a significant difference compared to placebo for CORT in males. CRF=corticotrophin-releasing factor, arrow indicates the time point at which CRF was injected. Shows hormone assays for testosterone and dihydrotestosterone from samples taken from males and females between experiment day 10 and 14. # values significantly different between low and high doses.
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